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Abstract 
In a clinical environment are produced on daily basis huge volumes of information. In the radiology context, the realization of an 
increasing number of studies, in particular those associated with modalities that produce huge amounts of images, has given rise 
to large PACS archives. Proprietary tools available for the analysis of the stored information are limited and usually do not allow 
efficient analysis of the radiology department performance. 
In this work we demonstrate that with seamless access to DICOM metadata we can provide a consolidated view of departmental 
production data regardless of the heterogeneous imaging sources and subsidiary information systems. With our non-proprietary 
approach it is therefore feasible to conceive indicators that may be included in wider scope institutional performance evaluation. 
The results from the consolidated DICOM information analysis of more than 20 million images, belonging to more than 467 
thousand studies performed on more than 162 thousand patients, justify the relevance of the implementation of similar 
methodologies in order to optimize the management of Radiology departments. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of SciKA - Association for Promotion and Dissemination of Scientific Knowledge. 
 
 
* Corresponding author. Tel.: +351 234 247 110. fax: +351 234401597. 
E-mail address: mrs@ua.pt 
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of SciKA - Association for Promotion and Dissemination of Scientific Knowledge
652   Milton Santos et al. /  Procedia Computer Science  64 ( 2015 )  651 – 658 
Keywords: Radiology, PACS, DICOM Metadata, Performance Analysis. 
1. Introduction 
The existence of different information systems in clinical setting, as well as multiple imaging modalities and 
different manufacturers, together with the production of huge volumes of information, makes relevant the 
development of tools that can be used for the extraction, processing, delivery and analysis of large volumes of data. 
Such tools can be useful for the professional practice characterization, including through performance indicators 
definition1, which can be analyzed using dashboards in order to promote productivity, performance and other health 
care quality improvement initiatives2. 
This paper aims to demonstrate the Digital Imaging and Communication in Medicine (DICOM) metadata 
consolidation feasibility of images stored on a Picture Archiving and Communication System (PACS) archive for the 
production of indicators with different granularity levels, independently of medical imaging equipment 
manufacturers and information systems. 
The experimental study was conducted in a Hospital Center (HC) which resulted from the junction of three 
Health Care Facilities (HCF_01, HCF_2 and HCF_3). The imaging studies stores in two institutions PACS since 
2009 (HCF_01 and HCF_2) were transferred to a central PACS archive installed in May 2011 and belonging to a 
third institution (HCF_3). The authors used Dicoogle application3 to build an index supported in the DICOM 
metadata contained in the HC PACS. This index, containing 92.6 GB, allows the information consolidation 
regarding to 20.595.967 images, bellowing to 467.243 studies, which is useful for retrospective studies. In particular, 
in this paper will explore the Index results for a macro characterization of the Radiology department who supported 
the study. 
This paper is organized as follows. In Section 2 are addressed some factors with influence in the production of 
high volumes of information associated with imaging studies and some existing limitations when analyzing the 
DICOM metadata stored in PACS archives. This section also provides a DICOM metadata indexing methodology, 
independent of equipment manufacturers and information systems, and its contribution within DICOM metadata 
mining initiatives. In section 3 is presented the methodology used for indexing and analysis of DICOM metadata 
existing in the CH PACS archive. In section 4 there are presented the results and in section 5 there are presented the 
discussion, some conclusions and future work initiatives. 
2. Background 
The existence of inherently digital medical imaging modalities (eg, Computed Tomography - CT, Magnetic 
Resonance - MR) and the introduction of modalities such as Computed Radiography (CR) and Digital Radiography 
(DX) at Radiology departments, where they can generate 60-70% of the volume of images produced4 have made 
clear the need for the use of Information and Communication Technologies (ICT) for the daily information 
management. 
This led to the use of information systems such as PACS5-7 to access and use of relevant information to the 
Radiology department’s activity. At this level, there has have been developed strategies for a more assertive 
management of large volume of studies performed daily. These strategies may comprise better definition of studies 
protocols, but also the optimization of existing PACS systems8, 9. 
In order to allow different users to create custom searches over the DICOM metadata that is part of the different 
modalities images, and according to the data that the user want to analyze, there are emerging IT solutions that 
complement the search functions normally provided by PACS10-15. An IT solution that enables the indexing, 
extraction and export of images and DICOM metadata, and that seeks to respond to the requirements mentioned 
above, is the Dicoogle3. 
The typically PACS Archive Server and Databases are general prepared to take maximum efficiency for clinical 
usage. Thus, the access to the information that typically are not used by the clinical or diagnosis is not typically 
implemented in the PACS Archive, or many of them supports the dump of all the DICOM fields in the screen, but 
they do not support a massive analyses of the field and do a statistical analyses from third party tools. General the 
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structure of the database is complex and depends on the manufacture. To tackle the issue, there is a tool called 
Dicoogle3, free and an open source that allows to easily access to a image archive over the file systems and massive 
extracts all the DICOM headers from the images. Dicoogle supports not only a powerful system to parse the DICOM 
headers but they can do it in hard-drives that can be remotely mounted in a local machine 16. 
On one hand, the process of the data gathering is named as “indexing” and it allows to extract all the fields and 
store them in a data structure that is flexible and portable to move across locations. For instance, it is possible to 
index multiple locations in the same Dicoogle instance. On another hand, the process of query is really flexible 
compared with the traditional PACS. For instance, they restricted typically to the DIM (DICOM Information Model) 
fields, while in Dicoogle is possible to all the fields that contains the image and combine in an advanced and 
complex boolean query using range of values and wildcards. For instance, Dicoogle will be able to answer: “How 
many patients have exams to the TORAX with ExposureTime between X and Y?”. Moreover, all of the results can 
be easily exported to an Excel spreadsheet. 
Finally, they also have an extension to analyze the index and easily extract global statistics, such as quality of the 
data, image per device and the most used terms in the DICOM fields. These results can be visualized graphically and 
also exported to a CSV file to be analyzed by third-party tools17. 
The DICOM metadata indexing process allows DICOM Meta Data Mining initiatives, and can be a very useful 
information resource for the professional practice characterization in radiology departments. 
For example, their use for the characterization of the actors involved in the provision of health care, or to analyze 
the exposure to X-radiation to which patients are subjected during radiological studies18-19, can help to identify 
situations that can represent a deficit of quality of health care, or can contribute to the definition of continuous 
quality improvement initiatives18. On the other hand, the DICOM metadata indexing process can occur over files 
from different modalities and health care facilities PACS archives since it is not dependent on the equipment 
manufacturer or information systems20. 
The different imaging modalities (eg, CT or MR) are supported by the DICOM standard for the studies 
acquisition and management, particularly when using PACS. In general, in these systems the users are always 
dependent on the provision by the manufacturer from a set of search functions. These are usually limited, that is, we 
can only use a limited number of DICOM fields for research activities. This promotes screening DICOM data in a 
standardized and inflexible manner3,15. This situation is mainly due to the fact that PACS do not make available all 
DICOM fields to support the DICOM Information Model Query & Retrieve (DIM Q / R), which means that a large 
amount of DICOM information is not searchable16. On the other hand, there is a need for tools and methodologies 
for the analysis of information produced in radiology department, including DICOM metadata, which can serve to 
support clinical decision-making and human and material resources management. 
3. Material and Methods 
A retrospective study of the metadata stored in a Hospital PACS archive that stores studies performed in three 
Health Care institutions was done (HCF_1, HCF_2 and HCF_3). Access to studies stored in the PACS archive was 
conducted after approval by the ethics committee and the hospital administration. The confidentiality of patients and 
actors involved in the provision of health care was guaranteed 
The DICOM metadata indexing process occurred on the PACS archive using Dicoogle installed in a virtual 
machine bellowing to the Hospital domain and supported by an Intel (R) Xeon (R) E5540 with 2.53 GHz speed 
processor and 2 GB of RAM. 
Each of the 17 discs that form the PACS archive was indexed separately and merge in to a global index. The 
extraction of DICOM metadata was supported by specific queries, supported by the DICOM attributes Institution 
Name, Modality and Study Date. Data statistical analysis was supported by the statistical Dicoogle plugin22. In this 
context were analyzed: 
• The number of patients with studies, as well as the number of studies and images stored, 
• The contribution of each modality to the volume of information produced, 
• The contribution of each Health Care facility for the volume of studies stored at the PACS archive. 
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4. Results 
Within the HC, the PACS archive supports the storage of studies from three Health Care facilities (Fig. 1) 
bellowing to different modalities and conducted in different equipment. In this PACS, the images bellowing to a 
study are distributed across different disks, which imply having to index all existing records to ensure that all images 
belonging to a study is indexed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Central PACS for the three Health Care facilities. 
At the time of DICOM metadata indexing process, de PACS archive consisted of 17 discs, with a total capacity of 
8.626 GB, with 6.707 GB used and 1.934 GB free. 
The index of 17 disks held for 63 days (from October 6 to December 9, 2014), with an average speed indexing of 
3.8 images/s, and resulted in an index of 92.6 GB, containing information on 467.243 studies, bellowing to 162.138 
patients and comprising 20.595.967 images. The value of 308,336 patients in Table 1 arises from the fact that many 
patients went more than once to the Health Care facility between 2009 and 2014. In this table are also presented the 
queries structures used for the analysis of the number of patients with studies performed and the number of studies 
and images acquired and stored in different years . 
  Table 1. Number of patients with studies performed per year and the number of studies and images stored at the PACS archive. 
Query structure Year Patients Studies Images 
StudyDate:[20090101 TO 20091231] 2009 1.119 1.383 9.783 
StudyDate:[20100101 TO 20101231] 2010 15.026 19.847 211.824 
StudyDate:[20110101 TO 20111231] 2011 58.358 88.514 3.432.894 
StudyDate:[20120101 TO 20121231] 2012 80.046 124.038 5.973.930 
StudyDate:[20130101 TO 20131231] 2013 77.436 116.457 5.095.546 
StudyDate:[20140101 TO 20141231] 2014 76.351 117.004 5.871.990 
 ∑ 308.336 467.243 20.595.967 
 
In Table 1 we identify a gradual increase in the number of patients with studies performed each year, as well as 
the number of studies and images in 2012, being more significant between 2010 and 2011, but decreasing in 2013 
and 2014. However, despite the decrease of the number of patients in 2014 compared to 2013, we see an increasing 
number of studies and images. 
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The number of acquired images has direct implications on storage space management. In this context, the disks 
that are part of the PACS archive have different levels of use, being noticeable values of about 400 GB (roughly 
80%) of space used in most of them. However, there are two disks with lower space utilization (disk S and T with 
200 GB) and two disks with fulfillment values slightly below 300 GB (disk U and V). Fig. 2 shows the capacity, 
used space and free space on each disk indexed. 
Fig. 2. Used an free space on each disk. 
The analysis of the contribution of different modalities to the information volume stored, and affecting the values 
shown in Figure 2, was supported by the queries presented in Table 1. In this context we analyzed the percentage of 
different values stored in the DICOM attribute “Modality “. These values range from 95,55% of images from CT 
modality in 2013 and 0,0% in other modalities such as Mammography (MG), Digital Radiography (DX) and 
Magnetic Resonance Imaging (MR) in some years (Table 2). 
In Table 2 we see a gradual increase in the percentage of CT and RF images existing in the PACS archive, 
decreasing in 2014. However, in this year we see a significant increase in MR images (6%) compared to previous 
years. The percentage of DX images decreases over the years. On the other hand, the percentage of US images 
gradually increases from 2011. From 2011 the percentage of CR images does not vary. When we look at Table 2 we 
also verify the existence of residual values of other modalities (eg, Other - OT and Angiography - XA), and values 
for Structured Reports (SR) and Presentation Layers (PR). 
Table 2. Percentage of images in the PACS archive by year and modality. 
Year/Modality CT CR US MG RF DX MR PR/XA/SR/ OT 
2009 74,92% 14,43% 2,21% 0,00% 0,00% 0,00% 0,00% 8,44% 
2010 81,06% 9,62% 2,66% 0,00% 0,02% 0,00% 0,00% 6,64% 
2011 94,96% 0,74% 1,24% 0,02% 0,06% 2,41% 0,03% 1.56% 
2012 95,12% 0,64% 1,60% 0,02% 0,10% 1,81% 0,00% 1.41% 
2013 95,55% 0,67% 1,75% 0,02% 0,13% 1,6% 0,07% 0.41% 
2014 89,81% 0,67% 1,99% 0,01% 0,12% 1,40% 6% 0% 
CT – Computed Tomography, US – Ultra Sound, RF - Radio-Fluoroscopy, MR – Magnetic Resonance, OT – Other, CR – Computed Radiography, MG – 
Mammography, DX – Digital Radiography, XA – Angiography, SR - Structured Report, PR - Presentation Layer. 
 
In Table 2 is also clear that there is 6% images belonging to the MR modality, a modality that does not exist at the 
HC, which could represent an increase in the number of studies conducted outside of CH and whose images were 
stored in the PACS archive, so it can be relevant to know the health care facility responsible for conducting these 
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studies. As a result, we identified 24 names for the outside health care facilities identification (Table 3) as well as 
5,9% images with a numeric identification of the health care facility. 
On the other hand, it was evident the existence of different names to identify the same health care facility. For 
example, HCF_1 is identified with one designation in 0,07% images, and HCF_2 is identified with 9 different 
designations in 3,3% images (e.g. Hosp. XPTO, Hosp.xpto, HXPTO). 
The HCF_03 appears identified in 88,42% images but with 12 different designations. Furthermore, 5,90% images 
come with numerical values for the health care facility identification (eg, 11003, 11004, 11028). 
  Table 3. Number of the Health Care facility designations and percentage of associated images. 
 External 
HCF 
HCF
_1 
HCF
_2 
HCF-
3 
Hospital 
Center 
Unknown (numeric 
values) 
Number of different designations 
(Institution Name DICOM attribute) 24 1 9 12 1 6 
% 1,96 0,07 3,30 88,42 0,35 5,90 
5. Discussion and Conclusions 
Most of the information stored in PACS archives was never accessed again by health care providers. However, 
the retrospective study of DICOM metadata, stored at the PACS archive, can be a very relevant source of 
information about the health care provision, but also for information management and information quality 
assessment, especially when the information results from the aggregation of data from different health care facilities. 
Despite the amount of information in the HC PACS archive, the merger indexing methodology of DICOM 
metadata stored on multiple disks, and from different health care facilities, was achieved within a time period which 
represents a considerable computational effort, especially if one takes into account the DICOM metadata indexing 
speed of 3.8 images/s. 
The 92.6 GB of data resulting from the indexing process allowed us to know the number of patients from three 
health care facilities with studies stored in the PACS archive. The DICOM metadata consolidation has provided an 
overall view of the Radiology department activity. However, the data interpretation should take into account the 
clinical environment from where they emerge. 
The definition of queries with specific structures, in accordance with the metadata to be extracted, allowed the 
collection of the data shown in Table 1. In this table we identified a significant increase in the number of patients, 
studies and images stored in the PACS archive in 2011 and went up again in 2012. These values result from the fact 
that the installation of the HCF_3 PACS occurred only on April 2011 and, on the other hand, the fact that only this 
health care facility have DX and MG modality, and two multi-slice CT equipment, which may explain the significant 
increase of studies and images stored in the PACS archive after 2011. 
However, when we analyze the 2014 data, we find that a smaller number of patients is associated with a greater 
number of studies and images stored (which can be explained by the fact that the indexing process was performed 
only until December 9). These values can be associated with a smaller number of images acquired in DX modality in 
2014 and with an increased number of images in US and MR modalities (Table 2). 
In fact, the data analysis allow us to identify a decrease in the number of DX modality images associated with an 
increase of the number of images from US and MR modalities. In Table 2 we also found that in 2009 and 2010 there 
are no images from some modalities (eg, MG and DX), which is due to the fact that these modalities only exist in 
HCF_03 from the year 2011. Moreover, we found that a decrease in the number of CT images is associated with an 
increase in the number of MR images, in a very similar percentage. In this scenario it may be pertinent to study the 
existence of a cause-effect relationship. 
The identification of the health care facilities with studies stored in the PACS archive has proved a difficult task 
due to the poor information quality recorded in the DICOM attribute “Institution Name”. 
This reality undermines the implementation of improvement initiatives in a clinical environment using existing 
resources, where the identification of the actors involved in the provision of health care is very important, starting 
with the identification of health care facilities. This identification can be diminished by multiple designation of the 
health care facilities and by the fact that 5,90% images are identified with numeric values. On the other hand, and as 
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an example, HCF_1 is uniquely identified in only 0,07% images, which can be associated to the migrating data 
process between HCF_1 PACS archive and HC PACS archive.  
The studies integration in HC PACS resulted in the possibility to analyze 8.626 GB of information, which 
allowed a better understanding of the evolution of the number of studies by the population covered by the three 
health care facilities. 
Knowing this reality makes it possible to anticipate hardware and software requirements that contribute to the 
proper management of information, including storage needs, or to the definition of strategies that result in optimizing 
performance, namely by optimizing studies protocols, particularly in the CT modality context. In fact, this modality 
comes to be responsible for over 95% of the information stored in the PACS archive (Table 2), aspect which may be 
associated with a large number of studies but also the use of multislice CT equipment and the inappropriate use of 
multiplanar image reformatting 
The knowledge of the data volume acquired over time can be relevant to the anticipation of needs in terms of 
information management and storage, in particular within the relevance to have 20% of disks storage capacity not 
used. In fact, and in average, every year has been produced more than 1.340 GB of metadata, and based on a 
retrospective analysis of information stored in the PACS archive, we expect that next year will be necessary to 
acquire 4 more disks for data storage. 
Within the quantity of information stored, in addition to the CT modality contribution, the MR modality emerges 
as the second modality with more images stored in the PACS archive. In this context, the existence of an increase in 
the number of images may be associated with an increased number of studies, which may represent an increase of 
financial burden for the institution whenever they are paid to health care facilities external to HC. On the other hand, 
MR studies may come from other health care facilities and does not represent a spending increase, it is, therefore, 
pertinent to identify these entities. 
In Radiology context, the production of a high data volume associated with imaging studies, and the constraints in 
accessing stored DICOM metadata supported by proprietary manufacturers tools for DICOM metadata analysis, 
emphasizes the need of new tools and methods for information analysis independently of manufacturers, stored 
information volume and information systems. 
The results of indexation and analysis of more than 20 million images, presented in this work, allows foreseeing 
the potential of the methodology used for the analysis of information stored in large PACS archives. 
The results of the work done and presented in this paper evidence the possibility of consolidation of a large 
volume of DICOM metadata, on the other hand, allows us to obtain relevant information to the provision of health 
care. In addition, allows us to identify usage trends of existing resources in different health care facilities, 
particularly in medical imaging equipment management context and DICOM information management, and makes it 
possible to audit the quality of the information stored in DICOM attributes. This aspect can be very important for the 
actors involved in the realization of the studies identification, but also in the identification and dissemination of good 
practices as well as for the definition of health care quality continuous improvement initiatives, particularly in the 
management of human and material resources scope. 
The flexibility that Dicoogle allows for conducting queries with different structures and according to user 
interests, and, by not using DICOM query & retrieve services for DICOM metadata access, leaves open the 
possibility of replication of the study presented in this paper in different professional realities, regardless different 
equipment manufacturers and information systems that exist in a clinical environment.. 
As future work, we foresee the possibility to carry out initiatives that enable the identification of situations that 
may represent opportunities for DICOM metadata quality improvement, as well as for the continuous improvement 
of health care provision at Radiology departments. This can be made through DICOM metadata indexing and 
analysis in a systematic way. 
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